A 67-year-old man presented with a case of recurrent subdural hematomas (SDHs) from a pseudoaneurysm at the cortical artery after mild head trauma. He had undergone two episodes of burr hole trephination and evacuation of SDH in a 6-day interval. Review of previous imaging findings and additional cerebral angiography then identified a pseudoaneurysm arising from the precentral branch of the middle cerebral artery. Acute rebleeding suddenly occurred, and the leak point on the cortical artery was completely repaired with a single suture. SDH from pseudoaneurysm after mild head injury is very unusual. The high morbidity and mortality rates necessitate early detection, but the rarity of this type of injury makes detection difficult. If the clinical course is not easily explainable and is worse than the severity of trauma, repeated SDHs occur, or abnormal lesions and/or subarachnoid hemorrhage are identified, computed tomography or magnetic resonance imaging with contrast medium should be performed to identify the underlying cerebrovascular diseases and determine whether cerebral angiography is necessary.
Introduction
Subdural hematoma (SDH) is usually caused by tearing of the bridging cortical veins after head trauma, and sometimes by contusion-related injury of arteries in the acute stage. 17) However, traumatic intracranial aneurysms are also a rare cause of SDH, 4, 12, 14) usually as a result of penetrating injury or blunt trauma with skull fracture, and are generally pseudoaneurysms, mainly located at the internal carotid artery (ICA). 14, 17) Intracranial pseudoaneurysms after mild head trauma are rare. We report a case of recurrent SDHs from a pseudoaneurysm located at the cortical branch of the middle cerebral artery (MCA) which occurred after mild head injury.
Case Report
A 67-year-old man presented with dysarthria developing over the course of 2 days. One week previously, he had experienced transient dysarthria during the first few hours after falling down the stairs, which caused mild head trauma. He had been taking medication for diabetes mellitus and hypertension. No other neurological deficits were identified, except motor dysphasia, and no laboratory findings were abnormal. Brain magnetic resonance (MR) imaging and computed tomography (CT) showed subacute SDH in the left fronto-temporo-parietal area and slight subfalcine herniation with no evidence of skull fracture (Fig. 1) . Emergent burr hole trephination and SDH drainage were performed. Dark and clotty fluid gushed out. Sticky clot on the brain surface was observed through the hole. Three days after the operation, the motor dysphasia had almost disappeared, and the draining catheter was removed. Although follow-up CT showed some hematoma remained to be liquefied, he was discharged with close follow-up planned. Three days after the discharge, the patient was re-admitted with motor aphasia and clumsiness of the right hand. CT revealed increasing amount of SDH (Fig. 2) . The second operation was performed in the same manner. Sanguineous fluid was drained. Eight days after the second operation, motor aphasia and right hand clumsiness had resolved.
To determine the cause of these recurrent SDHs, the previous images were reviewed and additional laboratory tests for coagulopathy were performed. Review of the initial CT scans and MR images newly identified a small round mass on the left cortical surface. MR imaging with contrast medium showed a 1.3-cm diameter, well-enhanced mass with hemosiderin rim on the precentral sulcus. Cerebral angiography disclosed contrast extravasation from the precentral branch of the left MCA, which filled slowly and opacified until the late venous phase, suggesting the mass was a pseudoaneurysm (Fig. 3) . No abnormality related to the coagulopathy was identified.
A curative operation was recommended, but the family members hesitated to agree due to the risk of arterial injury and related infarction. During conservative management of this condition, the patient suddenly became comatose with bilateral mydriasis on the 10th day after the second operation. CT showed acute SDH in the left hemisphere with uncal and subfalcine herniation. Emergent craniectomy and SDH evacuation were performed. As the hematoma was removed, fresh blood pumped out of a single hole in the cortical artery. Focal subarachnoid hemorrhage (SAH) surrounded the rupture point. The cortical artery was then completely repaired by a single suture with 10-0 nylon. Postoperative CT showed new focal hemorrhages that seemed to result from subfalcine and uncal herniation caused by acute SDH in the left medial parietal lobe and pons, respectively. Two months later, the patient underwent a ventriculoperitoneal shunt to resolve communicating hydrocephalus. Nevertheless, the patient remained in a vegetative state.
Discussion
Traumatic intracranial aneurysms account for less than 1% of all cerebral aneurysms, and are more common in pediatric populations because the incidence of developmental aneurysms is low. 4, 12, 14) Traumatic intracranial aneurysms can be classified into true and false types, with the false type more common based on histological investigation and surgical findings. Traumatic intracranial aneurysms can be associated with various types of intracranial hemorrhage, cranial nerve palsy, arteriovenous fistula, and epistaxis. The related mortality rate is as high as 50%. However, intracranial pseudoaneurysms after mild head trauma are rare, and are not easy to identify as a cause of intracranial hemorrhage because no adjacent skull fracture is present and the hemorrhagic pattern is indistinguishable from the usual traumatic hemorrhage.
Traumatic intracranial aneurysms can be classified according to the location. 12, 14) Aneurysms at the infraclinoid segment of the ICA and the vertebrobasilar artery are the most common, and are associated with basal skull frac- Table 1 Reported cases of subdural hematoma (SDH) arising from a pseudoaneurysm of a cortical artery after mild head injury tures. Aneurysms at the supraclinoid segment of the ICA are thought to form because of contusion against or stretching over the anterior clinoid process. Aneurysms at the distal subcortical anterior cerebral artery or posterior cerebral artery may result from contusion against the falx cerebri or tentorium. Aneurysms at the cortical branches of the MCA are almost always associated with skull fracture, but a minority of such aneurysms develop without evidence of direct injury to the cortical arteries. The mechanisms of traumatic SDH from a cortical artery after mild head injury are thought to be related to meningo-arterial anastomosis. 5, 7, 16, 17, 23) Proposed mechanisms include inertial force-mediated rupture of a cortical artery at the fragile arterial twig, rupture of a small traversing artery between a cortical artery and the dura mater, and rupture of a cortical artery adherent to the arachnoid membrane or the dura mater. One of these mechanisms may explain the occurrence of a small hole in the cortical artery and SAH without brain injury observed in the present case. Therefore, the mild head injury caused the first episode of SDH from a cortical artery, and the following formation of a pseudoaneurysm resulted in the two subsequent bleedings.
About 39 cases of SDHs from a pseudoaneurysm at the cortical artery after mild head injury have been reported, including the present case (Table 1) . [1] [2] [3] 5, 7, 8, 11, 13, [15] [16] [17] [18] [19] [20] [21] 23) The male to female ratio was 2 to 1. Mean age was 58 (±14) years, which is higher than that in the previous report investigating traumatic cerebral aneurysm. 14) Senile changes and decreased elasticity of the vessels may contribute to vessel injury caused by trivial impact. The clinical presentations of the 38 patients (not available in 1 patient) were altered mentality in 31 patients, headache in 4, and neurological deficits in 3. Twenty-six of the 31 patients with altered mentality were progressed to comatose status at various time intervals. Medical problems such as diabetes mellitus, hypertension, alcoholism, dementia, and cerebral infarction were described in 14 patients, but these factors were not significantly associated with the formation of traumatic pseudoaneurysms. All cortical aneurysms arose from the MCA and were confirmed as pseudoaneurysms by carotid angiography, surgical findings, or pathological examination. Brain injury and other types of hemorrhage such as SAH and intracerebral hemorrhage were rarely present. The clinical outcomes of 37 patients (not available in 2 patients) included death in 13 patients, moderate to severe neurological deficits in 6, and good improvement in 18. The observed outcome was similar to or better than outcomes described by previous reports concerning traumatic cerebral aneurysm. 12, 14) Interestingly, no mortality occurred among the most recent 10 cases. A report on traumatic cerebral aneurysms found that the mortality rate had decreased since the 1980s. 14) This trend may be due to early diagnosis with new diagnostic tools such as CT and MR imaging as well as the improvement of surgical techniques.
The surgical treatments performed in 21 cases included clipping or ligation of the aneurysm in 7 patients, resection and coagulation of the aneurysm in 7, clipping or ligation of the parent artery in 6, and direct suture in our case (Table 1) . Pseudoaneurysms are very fragile, so direct clipping or ligation of the aneurysm is not always possible. Resection and coagulation of the leak point are challenging because of the high arterial pressure and the risk of compromising the parent artery. Clipping or ligation at the proximal and distal ends of the parent artery is the definite treatment of choice for pseudoaneurysms. However, most cortical branches supply critical areas, and the possibility of infarction is very high. Bypass and trapping of the parent artery is a good alternative, but small diameter cortical branches can be an obstacle to bypass surgery. 22) In the present case, a single suture at the leak point was executed successfully. Direct suture involves less risk of compromising the parent artery than coagulation and is simpler than bypass surgery. Recently, endovascular treatments have been performed successfully, 6, 10) so the range of treatment modalities available has broadened.
The natural course of traumatic aneurysm is extremely poor, so treatment is essential before critical bleeding occurs. However, detection of a pseudoaneurysm is not easy. Traumatic SDH is usually thought to result from tearing of the bridging veins, and a pseudoaneurysm is not easily visible on CT without contrast medium. The only finding in our review is worse clinical presentation compared to the severity of head trauma. Pseudoaneurysms might have been more easily detected before the introduction of CT because carotid angiography was the only diagnostic tool used. 9) Moreover, SAH adjacent to SDH is not an uncommon finding in cases of trauma, and cerebral angiography is considered only if SAH develops at the basal cisterns or a considerable amount of SAH is observed. In the present case, the pseudoaneurysm was only later detected on MR imaging with contrast medium and cerebral angiography because of repeated SDHs within a brief interval without secondary head trauma. Therefore, if the clinical course is not easily explainable and is worse than the severity of trauma, repeated SDHs occur, or abnormal lesions and/or SAH are identified, diagnostic imaging with contrast medium such as CT and MR imaging should be performed to facilitate the identification of the underlying cerebrovascular diseases and determine whether cerebral angiography is necessary.
